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The innovation of Building Information Modelling (BIM) has gained much attention among 
construction players around the world. The adoption of BIM software has proven to be beneficial to the 
construction organisation in term of design, analysis, construction, operation and data management. 
The utilization of BIM software would lead to an effective planning and scheduling, encourage 
collaboration among technical team member and increase overall quality of the project. In recent years, 
rapid development of Information Communication Technology (ICT) in construction have witness 
numerous BIM software available in market where each tools offer wide variety of functionality, 
features and cost. Thus, it is identified that there is a needs to aid decision making for construction 
organization in order to select appropriate BIM software to a particular project needs. This paper 
discusses the some aspect of BIM, Multi Criteria Decision Making (MCDM) and Decision Support 
System (DSS) as decision tools in BIM selection. A documental analysis was performed to gather 
information regarding the DSS building block and data needed to support the decision model 
development. Literature suggests that software selection criteria can be categorize under technical, 
managerial and cost consideration. 24 distinct criteria with 44 alternatives (from 11 vendors) are 
presented in the paper. In addition, a conceptual model of decision hierarchy is illustrates to be 
embedded in the DSS prototype. It is also anticipated that the work demonstrated in this paper may 
improved the developement of DSS for BIM software selection as it is vital to increase productivity,  
construction project throughout building lifecycle. 
 






The current Architechture, Engineering and Construction (AEC) industry building 
process has been fragmented and the paper based communication is considered to be the 
drawback (Gann, 2000). Errors, changes, omissions result in upgrading the design a number 
of times sequentially by different parties (Succar, 2008). In addition to this, the various 
interpretations of a single design intent by different parties lead to even more complexities. 
With the introduction of ICT technologies like 2D CAD, the time spent on redrafting a 
change in the design has been reduced (Gann, 2000).  
Every phases and process that involve in construction project life cycle such as 
design, planning and scheduling phases required an effective management in order to ensure 
the successful of the project outcome. Generally, construction project is complex especially 
in design phase. Yet, the current practice such as 2D AutoCAD tool is incapable to fulfil the 
project needs (Hergunsel, 2011). This limitation always leads to the construction problem 
such as project delay and cost overrun. From this situation, the new ICT technology is 
significant in order to support the management of project life cycle process such as 
designing process. In this paper, it will highlight one of the emerging ICT in construction 
which is Building Information Modelling (BIM).  
In construction management literature, BIM is understood in a number of 
definitions. For instance, BIM can be describe as an innovative way to manage a project 
with the purpose of utilizing the quality and productivity of the construction project, through 
planning, design, implementation and demolition phases of the project (Arayici, Coates, 
Koskela, & Kagioglou, 2011; Eastman, Teicholz, Sacks, & Liston, 2011; Hergunsel, 2011; 
Ruiz, 2009).  It can also be defined  as “a set of digital tools that manage construction 
project effectiveness” (Latiffi, Mohd, Kasim, & Fathi, 2013).  
The innovation of BIM has gained much attention among construction players 
around the world. Traditionally, the 2D (CAD) method currently use in building practice 
becomes inadequate with the development of construction industries. Comparing to the 
traditional one, BIM is more than drawing purpose. The functionalities of BIM have enabled 
the architect to extent the design process to three dimensional visualization. In simply stated, 
through the 3D visualization it would allow the architect to create build in model for the 
project final outcome look like in detail and precisely (Sebastian, 2011) .On the others hand, 
3D visualization also would solve a major problem among construction project i.e. clash 
detection. Through this advanced visualization, it would extent the capability of Architect in 
detection and analysis of this problem and automatically reduce the design error (Eastman, 
et al., 2011). 
Furthermore, the advantage of BIM is not only limited to the design process only, 
BIM would encourages the collaboration through the an effective flow of information 
sharing among the stakeholders in the project (Hergunsel, 2011). Most of the stakeholder 
involves in each decision process during the project phases. This concept leads to an 
increasing quality of the project in term of time, cost and sustainable of the project. 
Information sharing among the stakeholders is a significant factor for the purpose of 
successful planning and scheduling of the project in order to avoid problem such delay and 
cost overrun in the project (Azhar, Nadeem, Mok, & Leung, 2008). The adoption of BIM is 
not only limited in information sharing, but also as knowledge storage. One of the 
characteristic of BIM is to serves as database or keeping construction document such as 
model record. This could be used as a references for the construction company in the future 
project (Sebastian, 2011). According to Sebastian (2011), the advantages of BIM adoption 
can be described BIM as ‘POWER’.  The term “POWER” refers to Product information 
sharing (P), Organization roles synergy (O), Work process coordination (W), Environment 
for teamwork (E), and referring data consolidation (R).  
Research shows that BIM is being broadly adopted across the construction industry 
with over 50% of each survey segment - architect, engineers, contractors and owners 
utilizing the tools at moderate levels or higher (Liu, 2010). Liu (2010) also identified that 
architects are the heaviest users of BIM with 43% using it on more than 60% of their 
projects in 2009. In addition, the study also reveal that contractors are the lightest users of 
BIM with nearly half (45%) using it on less than 15% of projects and a quarter (23%) using 
it on more than 60% of projects.  At the moment, there are variety of BIM software 
packages available in the market for AEC inductry. According to Pinheiro (2013) and Penn 
State University BIM Research Group (2013), BIM software can be grouped under 6 
categories such as Architechture, Sustainability, Mechanical, Electrical & Plumbing (MEP), 
Construction, and Facility Management. Figure 1 illustrates 25 possible uses of BIM 
throughout building lifecycle (Rohena, 2011).  Due to the variability of BIM functional, it is 




Figure 1: BIM Uses Throughout A Building Lifecycle (Rohena, 2011). 
 
At the moment, the use of BIM in construction projects is growing rapidly. As a 
result, many commercial BIM software available in market are developed to cater demands 
for BIM. Appendix A shows the list of BIM software available in the market with its 
functionality. According to Ruiz (2009),   there are 11 vendors with 44 software packages 
which offer variety of functionality throughout building life cycle.  
In literature, there is limited study attempt to thoroughly investigate the criteria and 
decision process to select appropriate BIM software. CREAM (2012) indicates that 
availability, affordability, diffusion, training, and support are among some generic criteria to 
select a BIM software. Hence, there is a needs to aid decision making towards BIM software 
selection to cater the project and client’s need. Till date the study to identify the critical 
criteria and decision support for BIM selection in construction are largely neglected. Only 
Ruiz (2009) proposed a model for evaluation of BIM software package where the study only 
uses simple descriptive statistics and does not consider MCDM technique. Thus, by 
considering the aforementioned issues, the main research problem is identified as follows 
“The lack of multi criteria decision support framework to assist BIM software selection for 
construction project”. Due to unavailability for decision support, it is desirable to a develop 
a computerised multi-criteria decision support system for BIM software selection.  
 
BIM SOFTWARE SELECTION AND MULTI CRITERIA DECISION MAKING 
APPROACH 
 
According to Eastman et al. (2011), the issue of selecting the right BIM software is 
a difficult task in construction domain. Due to increasing BIM software in the market, 
construction companies are anticipated to face decision problem of choosing the right BIM 
software that suit with the company and project needs. BIM software as listed in Appendix 
A offers different functionalities, features and cost. In practice, construction organization 
tent to purchased BIM software based on popularity of the software and fully depend on 
recommendation form software vendor (Ruiz, 2009). Due to the nature of BIM software 
selection problem which involve a set of criteria and an array of alternatives, it can be 
regarded as MCDM type of problem. 
MCDM has been used as decision analysis since late 1960’s (Alias, Hashim, & 
Samsudin, 2008). Most of the researcher agreed that the general purpose of MCDM is to 
help the decision makers determined the best alternative that involve process such as 
evaluation and comparison between the alternative (Alias, et al., 2008; Mateu, 2002; 
Opricovic & Tzeng, 2007; Xu & Yang, 2001). MCDM method can be divided into 2 major 
group, namely Multi Objective Decision Making (MODM) and Multi Attribute Decision 
Making (MADM) (Kabli, 2009; Mateu, 2002). In precisely MODM is more focusing on 
mathematical framework in order to build a set of decision alternative which is not given. In 
the other hand, MADM is decision analysis that concentrate on problem in which alternative 
have been predetermined in advance (Kabli, 2009).The utilization of MCDM method has 
proven to be beneficial in numerous field as a decision analysis. Our focus will be on 
MADM, in order to assist the selection of BIM software for the construction company. 
Furthermore, the application of MCDM methods are also widely used in previous study in 
construction management (Carr & Tah, 2001; Cheng & Li, 2004; Dikmen, Birgonul, & Han, 
2007; Hsieh, Lu, & Tzeng, 2004; Jaskowski, Biruk, & R., 2010; Mahdi & Alreshaid, 2005; 
Pan, 2008a).  Table 1 outlines some applications of MCDM in construction project 
management. 
 
Table 1: Applications of MCDM in construction project management 
Problem Description Analytical Technique Authors 
Group decision making for contractor selection Fuzzy AHP (Jaskowski, et al., 2010) 
Bridge Construction Method Selection Fuzzy AHP (Pan, 2008b) 
Risk assessment to rate cost overrun risk in 
international construction project 
Fuzzy AHP (Dikmen, et al., 2007) 
Project Delivery Method selection  AHP (Mahdi & Alreshaid, 2005) 
Planning and Design selection in Public Office 
Building 
Fuzzy MCDM (Hsieh, et al., 2004) 
Contractor Selection  AHP (Cheng & Li, 2004) 
Construction risk assessment and analysis Fuzzy MCDM  (Carr & Tah, 2001) 
Budget allocation for transportation in construction 
project  
Fuzzy MCDM (Teng, Huang, & Lin, 2009) 
 
Based on Appendix B, software selection problem can be regarded as a classical 
problem in MCDM field. According to literature in MCDM, substantial work of general 
software selection problem has been performed in the past (refer Appendix B). For example, 
the selection of Multimedia authoring system through Analytical Hierarchy Process (AHP) 
(Lai, Trueblood, & Wong, 1999),’ application of the AHP for selection of forecasting 
software (Altug et al., 2006) and a case study using AHP in software selection (Lai, Wong, 
& Waiman, 2002).  These studies suggest that MCDM is a useful tool for software selection 
type of problem. However, limited study has been done in the area to evaluate BIM software 
using MCDM technique. Hence, we attempt to solve BIM software selection by using 
MCDM technique with an appropriate decision support. For instance, Averweg (2008) has 
provided a decision support framework which integrates the structured, semi-structured and 
unstructured problem with type of control and technology that can be supported.  
 
Structured problems refer to daily and routine problem arose and the procedure in 
obtaining the best solution is predetermined in advance. Meanwhile unstructured problem 
refer to the problems that is no standard solution available. It would involve intuition and 
experience among the decision makers (Niu, Lu, & Zhang, 2009). The semi-structured lies 
between structured and unstructured which is it contain a few factor from the other both 
type. In Table 2, DSS and other AI technique are possible to be adopted in semi-structured 
and unstructured type of problem. The structuredness of a certain problem might be 
influence by the type of data and complexity of problem to be solved. Table 2 below 
suggests that BIM software selection is possible to be supported by DSS and AI technique. 
Thus, DSS will be developed on top of MCDM technique to provide easy and purposeful 
user interface for decision makers to use the mathematical model.  
 
Table 2: Decision Support Framework (adapted from Averweg (2008)) 
 Type of Control 
Type of 
decision 
Operational Control Managerial Control Strategic Planning Support Needed 
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INTEGRATING MCDM IN DSS  
 
According to Turban et al. (2005), DSS is “a computer information system that 
combined model and data in an attempt to solve semi structured and some unstructured 
problem with extensive user involvement”. DSS is also an approach of computer could be 
contribute to support managerial decision making (Alhunaishel, 2001; Arnott & Pervan, 
2005; Averweg, 2012; Power, 2007). DSS basically deal with the structured, semi-structured 
and unstructured problems. Figure 2 depicts common component in DSS such as data 
management, model management, knowledge management, model base, knowledge base, 
user interface and raw data (Turban et al, 2005). Mathematical model such as MCDM is 
often placed under model management module and link with several subsystems such as 
data management, knowledge management and graphical user interface. Thus, the 
development of DSS for BIM software selection will be based on this model. 
 
 
Figure 2:  Standard model of DSS (Turban et al 2005) 
RESEARCH APPROACH AND FINDINGS 
In order to address the research objective, this study deploy a qualitative approach to 
gather information regarding initial requirement prior design a functional DSS. Before 
conducting the fieldwork, we’ve designed a conceptual DSS architecture for BIM software 
selection. Figure 3 illustrates our model which consist of four components i.e. user interface, 
model management, web server and internal data management sub system. The user 
interface is a platform for connecting the user and the system. In our research, we attempt to 
embed the DSS user interface with social network (e.g. Facebook, Twitter, Google+) 
Application Programming Interface (API). The model management consist of modelling 












Figure 3: Integrating MCDM in DSS for BIM software selection process. 
For the purpose of acquiring initial requirement of DSS for BIM software selection, 
we use documental analysis to gather the criteria (Appendix B) and list of alternatives 
(Appendix A).  Initially, 8 journals regarding software selection by using MCDM technique 
were chosen. An exhaustive list of criteria from the journals is cleaned by filtering and 
categorizing the recent set of criteria to “Technical”, “Managerial” and “Cost” similar to 
Lai, Wong and Cheung (2002) study. The classifications of criteria are made by experts 
through interview. These experts consist of academicians and practitioner in the area of 
construction IT. The set of criteria is important to further develop research instrument to be 
validated with decision makers in the next phase. 
User/ Decision Maker 
DSS USER INTERFACE (PHP scripting) for data collection 
(for rating purposes) and display the result (ranking) 
Information Systems and external 3rd party program 
(e.g. Data warehouse, Database systems, Enterprise Resource Planning, 
Social Network Program API (Facebook, Twitter, Google+, etc.) 
 
Decision Support System 
MODEL MANAGEMENT 
(Analytical model for BIM 
assessment i.e. Fuzzy TOPSIS) 
Internal database 
(MySQL) 
- DSS assessment data 
- BIM software details 
 
Apache WebServer 
Goal: BIM Software Selection 
Technical Managerial Cost, C 
T1 T2 T3 T4 T5 T6 
T7 T8 T9 T10 T11 T12 
T13 T14 T15 
M7 M6 M5 M8 
BIM Software A1 BIM Software A2 BIM Software An 
M4 
Our finding indicates that there are 58 criteria were found, and only 50 were related 
to BIM software selection attributes. For example, we ignore a few unrelated criteria to 
assess forecasting software as it possesses different and unique functionality. From the 50 
related criteria, 35 fall under technical, 11 management and 4 cost. We also found that there 
are redundancies in the data where some criteria are similar or expressed within the same 
context. Thus, the final result yield 15 technical, 8 managerial and 1 cost as tabulated in 
Appendix C. Below is the graph indicating the frequency of Criteria found and filtered in 
software selection literature (Figure 4). Meanwhile, Figure 5 illustrates the decision 
hierarchies for BIM software selection based on attributes that has been collected from 
Appendix C. There are 3 main criteria i.e. technical with 15 sub criteria, managerial with 8 






























Figure 5 :  Initial Decision Hierarchies for BIM Software Selection 
M1 M2 M3 
DISCUSSION AND CONCLUSIONS 
BIM can be define as a digital representation of physical and functional 
characteristics of a facility and a shared knowledge resource for information about a facility 
forming a reliable basis for decisions during its life-cycle; defined as existing from earliest 
conception to demolition (Liu, 2010).  The adoption of BIM software has proven to be 
beneficial to the construction organisation in terms of design, analysis, construction, 
operation and data management. In general, BIM software could be used for visualization 
tools, clash detecting, building design, as built model, building assembly, construction 
sequencing, environmental analysis, model based estimation, facilities management, direct 
fabrication and others.  
This paper introduced an innovative approach of Multi Criteria Decision Making in 
Decision Support System for providing assessable decision support tools for the selection of 
BIM software. This is a new approach for solving BIM software selection compare to the 
previous study which is only focusing on the development of evaluation model. Our finding 
indicates that most study in software selection prioritizes technical aspect (62.5%), and 
followed by managerial (33.33%) and cost (4.17%). A set of criteria from literature are 
gathered and will use as an instrument for our next phase of the research. Substantial work is 
still needed to finalize the criteria used and alternative considered by decision makers in 
BIM related project in Malaysia. Once, the set of criteria has been reviewed by decision 
makers, we intent to develop a mathematical model for MCDM and DSS. 
 To the best of our knowledge, the DSS and social networking approach in 
construction project management is still far immature. Instead of decision model 
development, this study will also focus on constructing a new architecture of DSS through 
BIM software selection problem. Case study approach will be utilized to develop the model. 
A real case in Malaysia that utilized BIM in their project will be selected to test and 
validated with the decision model and DSS. It is expected that this innovative approach to 
produce not only an efficient IT artefact but an effective decision making approaches. 
Furthermore, the proposed approach is anticipated to be generalized to other related MCDM 
problem in construction project management. 
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Appendix B:  List of software selection problem using MCDM approach 















2. Performance  















Selection of the 
simulation software  
1. Cost  
2. Update  
3. Decision Support  
4. Connect (connectivity issues with 
external software) 
5. Ease (User friendliness) 
 
1. Witness 






Evaluation of Point Cloud 
software  
1. User interface 
2. Processing Speed 
3. Speed Requirement  
4. Documentation 
5. Technical Features 









AHP (Soni, 2012) 
Selection of a multimedia 
authoring system   
1. Development interface 
2. Graphics support  
3. Multi-media support 
4. Data file support 
5. Cost effectiveness 
6. Vendor support  
 
 




Problem Description List of criteria Num of alternatives Analytical techniques Authors 
Evaluation of software 
development project  
1. Functionality  
2. Technical aspect 
3. Cost 
4. Service and Support 
5. Vision 
6. System reliability 
7. Compatibility with other system  
8. Ease of customization  
9. Market position of the vendor 
5 alternatives  Fuzzy VIKOR (Buyukozkan 
& Ruan, 
2008) 
10. Better fit with organizational structure  
11. Domain knowledge of the vendor 
12. References of the vendor  
13. Methodology of software  
14. Fit with parent/allied organization 
systems 
15. Cross module integration 
16. Implementation time 






1. Data preparation 
2. Method selection  
3. Method Implementation  
4. Method evaluation  
5. Assessment of uncertainty 
6. Forecast presentation 
















1. System factor 
 Functionality  
 Flexibility  
 Friendliness  
 Implementation 
2. Vendor factor  
 Technic capability  
 Reputation  
 Service 
3 alternatives Fuzzy AHP (Duran, 
2011) 
Problem Description List of criteria Num of alternatives Analytical techniques Authors 
ERP software selection 1. System cost 




6.  Ease to used 
7. Technology advance  
 














Appendix C: Filtering and Categorizing the Criteria 
 
Author Assessment Criteria Related BIM 
Attributes 
Category Variables Notes 
Ribeiro, Moreira, 
Broek, & Pimentel, 
2011 
Usability  Technical T1  
Performance   Technical T2  
Security   Technical T3  
Modularity  Technical T4  
Otamendi, Pastor, & 
Garcia, 2008 
Cost   Technical T5  
Update   Managerial M1  
Decision Support   Technical T6  
Connect (connectivity issues with external 
software) 
 Technical T7  
Ease (User friendliness)  Technical  Within T1 context 
Soni, 2012 User interface  Technical T8  
Processing Speed  Technical  Similar to T2 
Speed Requirement      
Documentation  Technical T9  
Technical Features  Technical T10  
Lifecycle Cost 
 
 Cost  Similar to T5 
Author Assessment Criteria Related BIM 
Software 
Attributes 
Category Variables Notes 
Lai, et al., 1999 Development interface     
Graphics support   Technical  Within T8 context 
Multi-media support  Technical  Within T8 context 
Data file support  Technical T11  
Cost effectiveness  Cost  Similar to T5 
Vendor support  Managerial M1  
Altug, et al., 2006 Data preparation  Technical  Within T11 context 
Method selection      
Method Implementation      
Method evaluation      
Assessment of uncertainty     
Forecast presentation     
Ease of use   Technical  Within T1 context 
Buyukozkan & Ruan, 
2008 
Functionality   Technical  Similar to T10 
Technical aspect  Technical  Similar to T10 
Cost  Cost  Similar to T5 
Service and Support  Managerial  Similar to M1 
Vision     
System reliability  Technical T12  
Compatibility with other system   Technical  Similar to T7 
Ease of customization   Technical T13  
Market position of the vendor  Managerial M2  
Better fit with organizational structure   Managerial M3  
Domain knowledge of the vendor  Managerial M4  
References of the vendor   Managerial M5  
Methodology of software   Technical T14  
Fit with parent/allied organization systems  Managerial M6  
Cross module integration  Technical  Within T4 context 
Implementation time  Technical  Within T2 context 
Author Assessment Criteria Related BIM 
Software 
Attributes 
Category Variables Notes 
(Duran, 2011) Functionality   Technical  Within T10 context 
Flexibility   Technical   
Friendliness   Technical  Within T1 context 
Implementation  Technical T15  
Technic capability   Technical  Similar to T10 
Reputation   Managerial M7  
Service  Managerial M8  
(Ayag & Ozdemir, 
2007) 
System cost  Cost  Similar to T5 
Vendor support  Managerial  Similar to M1 
Flexibility  Technical  Similar to T7. T7 is 
suggested to 
change to 
“flexibility” to be 
more 
representative 
Functionality  Technical  Within T10 context 
Reliability  Technical  Similar to T12 
Ease to used  Technical  Within T1 context 
Technology advance   Technical  Within T10 context 
 
 
 
 
 
 
